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ABSTRACT 

Aims/Introduction: Obesity has been shown to be a modifier of the association 
between leptin levels and cardiovascular events. We examined whether obesity modifies 
the association between serum leptin levels and the progression of diabetic kidney disease. 
Materials and Methods: This was an observational longitudinal study on patients with 
type 2 diabetes. We enrolled 410 and 348 patients in the eGFR and ACR cohorts, respec- 
tively. Patients were classified into three groups by sex-specific tertile of leptin levels. Obes- 
ity was defined as body mass index >25 kg/m^. Outcomes were the rate of change in 
estimated glomerular filtration rate (eGFR) and progression to a more advanced stage of 
albuminuria. 

Results: In the eGFR cohort, the mean eGFR change during the median follow-up per- 
iod of 4.7 years was -1.4 ml7min/1.73 m^/year. An interaction between leptin levels (low, 
medium or high) and obesity (present or absent) on the change in eGFR was detected (P 
interaction = 0.003). In the lean group, adjusted eGFR decline in patients with low leptin 
was steeper than that in patients with medium leptin (2.1 and 0.8 mLymin/1.73 m^/year, 
P = 0.023). In the obese group, patients with high leptin had a steeper adjusted eGFR 
decline than those with medium leptin (1.7 and 0.6 ml7min/1.73 m^/year, P = 0.044). In 
the ACR cohort, 29 patients showed progression of albuminuria during the median fol- 
low-up period of 3.9 years. There was no interaction between leptin levels and obesity on 
the outcome (P interaction = 0.094). 

Conclusions: Obesity might modify the effects of leptin on kidney function decline in 
patients with type 2 diabetes. 



INTRODUCTION 

Diabetic kidney disease (DKD) is a serious compKcation with 
high cardiovascular morbidity and mortality, as well as being the 
major cause of end-stage kidney disease, worldwide^'^. Therefore, 
the mechanisms underlying DKD should be clarified, and risk 
factors for DKD should be identified urgently. Leptin, a low- 
molecular- weight hormone (16 kDa) secreted by adipocytes and 
cloned in 1994, is a unique hormone with pleiotropic effects in 
multiple organ systems^. Leptin has been shown to induce nitric 
oxide production'*, which has protective effects against DKD^'*. 
In contrast, activation of the sympathetic nervous system and 
increase of oxidative stress have been documented to be involved 
with leptin^'^, which promotes the progression of DKD^"^\ In 
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humans, the association of leptin with DKD has received littie 
attention and remains controversial^^"'"'. Furthermore, there are 
few longitudinal studies regarding the association between leptin 
and the progression of DKD'^. 

Obesity is associated with resistance to many of the meta- 
bolic effects of leptin'*. Exogenous leptin administration 
improved glycemic control in patients with congenital leptin 
deficiency and leptin deficiency as a result of lipodystrophy or 
HIV-induced lipoatrophy'^"'^; however, obese patients do not 
respond to exogenous leptin administration^". Recently, obesity 
has been shown to be a modifier of the association between 
leptin levels and cardiovascular (CV) events^''^^. Lower leptin 
levels predicted CV events in lean patients^ ''^^. In contrast, in 
obese patients, higher leptin level was a predictor of CV 
events^', or there were no relationship between leptin levels 
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and CV events . We, therefore, examined the hypothesis that 
obesity modifies the association between serum leptin levels 
and DKD progression in patients with type 2 diabetes. 

MATERIALS AND METHODS 

Participants 

This was a hospital-based, single-center, observational, longitu- 
dinal, cohort study on adult Japanese patients with type 2 dia- 
betes. The participants were recruited fi-om the ambulatory and 
hospitalized patients presenting at the Diabetes Center, Tokyo 
Women's Medical University Hospital, in Tokyo, Japan, during 
the period between August 2003 and December 2009. Type 2 
diabetes was diagnosed according to the Japan Diabetes Society 
(JDS) criteria^^ 

At a regular ambulatory visit or at the time of hospitalization, 
participants underwent baseline anthropometric and physical 
examinations including height, weight and blood pressure. Labo- 
ratory examinations included serum lipids, creatinine and plasma 
hemoglobin AlC (HbAlc) levels in random spot blood samples, 
and urinary albumin excretion levels were measured using the 
first morning urine specimen. Patients with estimated glomerular 
filtration rate (eGFR) >60 mL/min/1.73 m^ were assessed for eli- 
gibility, because serum leptin levels increase as a result of 
decreased renal clearance. Patients who had malignant diseases 
or those with lower Umb amputation were excluded (Figure 1). 
Patients were classified into three groups by sex-specific tertile of 
serum leptin levels in each cohort. 

The study protocol was designed in adherence to the Decla- 
ration of Helsinki, and was approved by the Ethics Committee 
of Tokyo Women's Medical University Hospital. 

Measurements 

Serum leptin levels were determined by radioimmunoassay 
(Human Leptin RIA; MiUipore, BiUerica, MA, USA). The inter- 
and intra-assay coefficient of variation (CV) was 3.6-6.2% and 



3.4—8.3%, respectively. Serum creatinine and total cholesterol 
levels were determined by enzymatic methods. HbAlc levels 
were measured by high-performance liquid chromatography 
(HPLC), using a set of calibrators assigned by the JDS (normal 
range 4.3-5.8%). In the present study. National Glycohemoglo- 
bin Standardization Program (NGSP)-equivalent values were 
obtained using the following equation: HbAlc (%) = 1.02 x 
HbAlc (JDS) (%) -I- 0.25%^''. 

Urinary albumin levels were measured using the latex agglu- 
tination method, and normalized using urinary creatinine levels. 
Urinary creatinine concentrations were determined using an 
enzymatic method. The stage of albuminuria was defined as 
normoalbuminuria [urinary albumin-to-creatinine ratio (ACR) 
<30 mg/g], microalbuminuria (30 < ACR < 300 mg/g) or mac- 
roalbuminuria (300 mg/g <ACR). Glomerular filtration rate 
(GFR) was estimated using the following modified three-variable 
equation, as proposed by the Japanese Society for Nephrology: 
eGFR (mL/min/1.73 m^) = 194 x age (years)"°-^*^ x serum 
creatinine level (in mg/dL)"^ *'' x (0.739 if female)^^ 

Definition of Obesity 

In the present study, obesity was defined as body mass index 
(BMI) >25 kg/m^ according to the World Health Organization 
classification for Asian populations^*'. 

Outcome Measurements 

The first outcome measurement of the present study was 
defined as the annual rate of change in eGFR. For each individ- 
ual, the rate of change in eGFR per year was determined using 
a simple regression analysis, with eGFR as a function of time 
in years, applied to all eGFR values obtained during the follow- 
up period. Patients were excluded if their follow-up period was 
less than 2 years since entry into the study (Figure 1). This 
minimum observation period was selected based on the basis 
of a previous recommendation for an observation period of at 



Adult type 2 diabetic patients with eGFR > 60 mlVmin/ 1 .73 assessed for eligibility (n = 564) 



^ Malignant disease (n = 3) 



^ Lower limb amputation (n = 1) 



Follow-up period < 2 years (n = 142) ^ 



Rate of change in eGFR: 

> +5 mlVmin/l .73 mVyear (n = 



No data of urinary albumin at baseline 
{n = 16) 



^ Macroalbuminuria (n = 24) 



Follow-up period < 1 year {n = 1 72) 



eGFR cohort 
(n = 410) 



ACR cohort 
(n = 348) 



Figure 1 | Flow diagram of the study population. 
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least 2 years to assure valid determination of the rate of decline 
in GFR^^. In addition, patients were excluded if their rate of 
change in eGFR was equal to or more than 5 mL/min/ 
1.73 m^/year, because such an increase is not a physiological 
change (Figure 1). 

The second outcome measurement was defined as the transi- 
tion firom any given stage to a more advanced stage of albu- 
minuria; that is, fi-om normoalbuminuria to micro- or 
macroalbuminuria, or fi^om microalbuminuria to macroalbu- 
minuria, established using at least two consecutive urinary ACR 
measurements to reduce misclassification. Patients were 
excluded if their follow-up period was less than 1 year from 
enrolment into the study (Figure 1). 

Statistical Analysis 

Continuous variables were expressed as arithmetic mean ± stan- 
dard deviation (SD) or geometric mean with 95% confidence 
interval (CI), as appropriate according to the data distribution. 
Categorical data were expressed by percentages. For statistical 
analyses, Pearson's correlational analysis. Fisher's exact probabil- 
ity test, analysis of covariance (ancova), multivariate regression 
analysis and Cox proportional hazard model analysis were used, 
as appropriate. Cumulative incidence of transition of albumin- 
uria stage was estimated using the Kaplan-Meier method, and 
the statistical differences between the groups were compared by 
the log-rank test. In the multivariate regression analysis and 
multivariate Cox proportional hazard model analysis, a stepwise 
variable-selecting procedure was carried out, specifying the sig- 
nificant levels for entering another explanatory variable into the 
model as 0.25, and that for removing an explanatory variable 
from the model as 0.15, respectively. In the multivariate model, 
the following parameters were used as covariates: age, sex, sys- 
tolic blood pressure, BMI, HbAlc, total cholesterol, triglycerides 
levels, eGFR, urinary ACR levels and use of renin-angiotensin 
system blockers at baseline. _P-values <0.05 were considered sig- 
nificant. AH statistical analyses were carried out using the sas 
version 9.3 (SAS Institute, Gary, NC, USA). 



Table 1 | Baseline demographic and laboratory data in estimated 
glomerular filtration rate and albumin-to-creatinine ratio cohorts 



eGFR cohort 
(f) = 410) 



ACR cohort 
{n = 348) 



Age (years) 
Men (%) 

Duration of diabetes (years) 
BMI (kg/m^) 
Retinopathy, none/ 

simple/proliferative (%) 
Diabetes therapy, 

none/OHA/insulin (%) 
Systolic blood pressure (mmHg) 
Diastolic blood pressure (mmHg) 
Use of RAS blockers (%) 
Use of other 

antihypertensive drug (%) 
Use of lipid lowering agents (%) 
History of 

cardiovascular disease (%) 
Laboratory data 
Hemoglobin Ale (%) 
Total cholesterol (mg/dL) 
Triglycerides (mg/dL) 
Creatinine (mg/dL) 
Estimated GFR (mL/min/1.73 m^; 
Urinary albumin to 

creatinine ratio (mg/g) 
Stage of albuminuria, normo-/ 
micro-/macroalbuminuria (%) 
Leptin (ng/mL) 
Women 
Men 



58+ 13 
61.0 
11+9 
25.9 + 55 
593/33.0/7.7 

28.1/52.4/195 

132+ 18 
76+ 12 
36.3 
266 

320 
18.9 



9.0 ± 2.0 
197 + 39 
127 (120-134) 
0.69 + 0.15 
84.9 + 182 
18.0 (15.9-20.4) 

72.5/23.0/4.5 



8.8 (7.9-9.8) 
40 (3.7^.3) 



58+ 13 
603 
11 ± 8 
25.7 ± 5.3 
59.7/33.0/7.3 

26.4/55.2/184 

133 ± 18 
77 ± 12 
345 
22.7 

325 
17.6 



9.0 ± 1.9 
196 + 40 
125 (118-133) 
0.69 + 0.14 
848 + 174 
15.1 (13.6-16.8) 

741/25.9A 



85 (7.6-9.6) 
3.9 (3.6^.3) 



Data are expressed as percentage, mean ± standard deviation, or geo- 
metric mean (95% confidence interval). ACR, albumin-to-creatinine ratio; 
BMI, body mass index; eGFR, estimated glomerular filtration rate; GFR, 
glomerular filtration rate; OHA, oral hypoglycemic agents; RAS, renin- 
angiotensin system. 



RESULTS 

Baseline Demographic and Clinical Characteristics 

Of the 564 patients, 410 [160 women and 250 men: mean age 
58+13 years (range 23-86 years)] who met the eligibility cri- 
teria, and 348 patients [138 women and 210 men: mean age 
58 ± 13 years (range 23-86 years)] were enrolled as the eGFR 
and ACR cohort, respectively (Figure 1). Baseline demographic 
and laboratory data in the eGFR and ACR cohort are presented 
in Table 1. Leptin levels in women were significanfiy higher 
than those in men in both cohorts {P < 0.001). In the eGFR 
cohort, the sex-specific first and second tertUe levels of serum 
leptin were 6.6 and 11.7 ng/mL, and 2.9 and 4.9 ng/mL in 
women and men, respectively. In the ACR cohort, the gender- 
specific first and second tertUe levels of serum leptin were 6.3 
and 11.7 ng/mL, and 2.9 and 4.8 ng/mL in women and men, 
respectively. 



Interaction between Leptin Levels and Obesity on the Rate of 
Change In eGFR and Progression of Albuminuria 

In the eGFR cohort, the median foUow-up period was 4.7 years 
(range 2.0-8.2 years). The mean number of creatinine measure- 
ments used for determining the rate of change in eGFR was 
16 ± 10. The mean rate of change in eGFR was -1.4 + 
3.7 mL/min/1.73 m^/year. A significant interaction between 
serum leptin levels (low, medium or high) and obesity (present 
or absent) on the rate of change in eGFR was detected {P inter- 
action = 0.005). Analysis adjusted by other covariates showed 
results similar to those aforementioned {P interaction = 0.003; 
Tabk 2). 

During the median foUow-up period of 3.9 years (range 1.0- 
8.2 years) in the ACR cohort, 22 of 258 patients with normo- 
albuminuria and five of 90 patients with microalbuminuria 
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Table 2 | Interaction between serum leptin levels and obesity on the 
annual rate of change in estimated glomerular filtration rate and the 
progression of albuminuria 



Rate of change in eGFR 


Standardized 
estimate 


P-value 


Leptin (low, medium or high) x 


-0.367 


0.003 


obesity (present of absent) 




(P interaction) 


Leptin (low, medium or high) 


0.244 


0.004 


Obesity (present or absent) 


0.286 


0.002 


Hemoglobin Ale (%) 


-0188 


<0.001 


eGFR (ml7min/1.73 m^) 


-0130 


0.010 


Logarithmically transformed 


-0.241 


<0.001 


urinary ACR (mg/g) 






Progression of albuminuria 


Hazard ratio 


P-value 




(95% CI) 




Leptin (low, medium or high) x 


3.279 (0.816-13.181) 


0.094 


obesity (present or absent) 




(P interaction) 


Leptin (low, medium or high) 


0.254 (0.087-0.736) 


0.012 


Obesity (present or absent) 


0.364 (0.074-1 .779) 


0212 


Logarithmically transformed 


6.084 (1.328-27.866) 


0.020 


triglycerides (mg/dL) 






Logarithmically transformed 


2.251 (0.970-5.226) 


0.059 



urinary ACR (mg/g) 

In the analysis of the interaction between serum leptin levels and obesity 
on the annual rate of change in estimated glomerular filtration rate 
(eGFR), age, sex, systolic blood pressure, total cholesterol, logarithmically 
transformed triglycerides and use of renin-angiotensin system blockers 
were excluded from the model. In the analysis of the interaction between 
serum leptin levels and obesity on the progression of albuminuria, age, 
sex, systolic blood pressure, hemoglobin Ale, total cholesterol, eGFR and 
use of renin-angiotensin system blockers were excluded from the model. 
ACR, albumin-to-creatinine ratio; CI, confidence interval. 

progressed to micro- and macroalbuminuria, respectively. Two 
patients with normoalbuminuria progressed to macroalbuminu- 
ria. There was no interaction between leptin levels and obesity 
on the progression of albuminuria (P interaction = 0.192). In 
the adjusted analysis, no interaction was observed {P interac- 
tion = 0.094, Table 2). 

Association between Leptin Levels and the Annual Rate of 
Decline in eGFR in the Lean and Obese Group 

In the lean group, the rate of decline in eGFR (mean ± stan- 
dard error) in patients with low leptin levels was significantly 
steeper than that in patients with medium leptin levels in both 
the univariate and multivariate analyses (2.2 ± 0.3 and 0.7 + 
0.4 mL/min/1.73 m^/year, and 2.1 + 0.3 and 0.8 ± 0.4 mL/min/ 
1.73 m^/year, P = 0.006 and 0.023; Figure 2a). In contrast, 
patients with higher leptin levels had a steeper eGFR decline com- 
pared with those with medium leptin levels in both the imivariate 
and multivariate analyses (1.7 ± 0.3 and 0.7 ± 0.4 mL/min/ 
1.73 m^/year, and 1.7 + 0.3 and 0.6 + 0.4 mL/min/1.73 m^/year, 
P = 0.065 and 0.044; Figure 2b) in the obese group. 



In the analysis treating leptin levels as a continuous variable, 
lower logarithmically transformed serum leptin levels were sig- 
nificantly associated with steeper eGFR decline in the lean 
group (Table 3). Meanwhile, in the obese group, higher loga- 
rithmically transformed leptin levels were risk factors of eGFR 
decline (Table 3). 

Association between Leptin Levels and the Progression of 
Albuminuria in the Lean and Obese Group 

The Kaplan-Meier method in the lean group showed a trend 
of negative graded relationships between the progression of 
albuminuria and three groups classified into sex-specific tertUe 
of leptin levels; however, the difference was not significant 
[P = 0.077; Figure 2). In the obese group, no difference was 
observed in cumulative incidence of the outcome among the 
three groups {P = 0.764; Figure 3). 

DISCUSSION 

In this hospital-based, single-center, observational, longitudinal, 
cohort study, we have found, for the first time, a significant 
interaction between serum leptin levels and obesity on the rate 
of change in eGFR in patients with type 2 diabetes. This find- 
ing could suggest that the effects of leptin on kidney fimction 
decline are modified by the presence of obesity in patients with 
type 2 diabetes. In the lean group, lower serum leptin levels 
were associated with steeper eGFR decline; in contrast, higher 
leptin levels were risk factors of eGFR decline in the obese 
group. These associations were independent of other variables 
that are well-known risk factors for the development of DKD. 
These findings might be peculiar and important to the Asian 
population, as type 2 diabetic patients in Asia, including Japan, 
are not necessary obese, unlike those in Western countries^^'^'. 
Meanwhile, there was no interaction between serum leptin 
levels and obesity on the progression of albuminuria. 

Although the reasons for the association of leptin levels with 
eGFR decline were not able to be clarified in the present 
observational study, several explanations are speculated. Benefi- 
cial effects of leptin, such as inducing nitric oxide production, 
might affect kidney fimction rather than unfavorable actions, 
such as activation of the sympathetic nervous system, in lean 
diabetic patients, although we did not measure any marker of 
oxidative stress or endothelial dysfunction in this study. In the 
present study, patients with low leptin levels in the lean group 
showed a steep decline in eGFR, despite having lower blood 
pressure than the other groups (Table SI). A recent report 
clearly showed transgenic overexpression of leptin in Akita 
mice, a model of non-obese diabetes, to protectively affect 
against DKD, as well as to improve metabolic profiles^". Fur- 
thermore, the reports on the association between serum leptin 
levels and CV events showed that lower leptin levels were risk 
factors of CV events in lean patients^^'"*^. These findings, 
including the present results, could suggest that a relative lep- 
tin deficiency is associated with the pathogenesis of DKD and 
CV events in lean subjects. Whereas, low leptin levels might 
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Multivariate 



(b) 
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^ E 



Low leptin Medium leptin High leptin 



-0.5 



-2.0 



levels 
(n = 21) 




levels 
(n = 56) 



I 
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(n = 1 20) 
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-0.5 H 



-1.5 H 



-2.0 J 
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levels levels levels 



{n = 21) 



(n = 66) (n = 1 20) 
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Figure 2 | (a) Comparison of the annual rate of change in estimated glomerular filtration rate (eGFR) among three groups classified into sex-specific 
tertiles of serum leptin levels in lean patients, (b) Comparison of the annual rate of change in eGFR among three groups classified into sex-specific 
tertiles of serum leptin levels in obese patients. In the multivariate models, the rate of change in eGFR was adjusted by age, sex, systolic blood 
pressure, body mass index, hemoglobin Ale, total cholesterol, logarithmically transformed triglycerides levels, eGFR, logarithmically transformed urinary 
albumin levels and use of renin-angiotensin system blockers at baseline (ancova). *P < 0.05 vs patients with medium leptin levels. 



simply be markers of an undetected wasting condition, as lep- 
tin levels have been shown to be correlated with the amount 
of body fat^^; indeed, there were a significant difference of 
BMI among the three groups in the present study (Table SI). 
However, in this study, the rate of change in eGFR in each 
group was adjusted by covariates including BMI (Figure 2); 
and in the multivariate analysis using the rate of change in 
eGFR as a dependent variable, BMI was excluded by a step- 
wise variable-selecting procedure (Table 3). Furthermore, 
patients with obvious malignant disease were excluded, and 
there was no difference in the history of cardiovascular disease 
among the three groups (low, medium or high leptin levels; 
Table SI). Finally, a lower proportion of users of renin-angio- 
tensin system blockers among patients with low leptin levels 
might contribute to our finding that lower leptin levels were 
associated with steeper eGFR decline, although 'use of renin- 
angiotensin system blockers' was used as a covariate in the 
multivariate models. 

Meanwhile, higher leptin levels were associated with greater 
eGFR decHne in obese patients despite a higher proportion of 
use of renin-angiotensin system blockers. This could suggest 
that high leptin levels affected eGFR decline beyond the renal 
protective effects of renin-angiotensin system blockers. In these 



Table 3 | Association of serum leptin levels with the annual rate of 
change in estimated glomerular filtration rate in the lean and obese 
groups 



Variables at baseline 


Lean patients 




Obese patients 






Standardized 


P- 


Standardized 


P- 




estimate 


value 


estimate 


value 


Logarithmically 


0.229 


0.004 


-0.253 


0.021 


transformed 










leptin (ng/mL) 










Men (vs women) 


01 50 


0.054 


-0.207 


0.025 


BMI (kg/m^) 


Excluded 




0188 


0.038 


Hemoglobin Ale {%) 


- 0.290 


<0.001 


Excluded 




Total cholesterol (mg/dL) 


Excluded 




-0147 


0.041 


eGFR (miymln/1.73 mVyear) 


Excluded 




-0164 


0.032 


Logarithmically 


-0.332 


<0.001 


-0153 


0.034 


transformed 










urinary ACR (mg/g) 










Use of RAS blockers 


Excluded 




0115 


0117 



(vs non-use) 

Other excluded variables were age, systolic blood pressure and logarith- 
mically transformed triglycerides at baseline. ACR, albumin-to-creatinine 
ratio; BMI, body mass index; eGFR, estimated glomerular filtration rate; 
RAS, renin- angiotensin system. 
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40-1 



30- 



20- 



10- 



Lean patients 



Low leptin levels 
(n = 99) 




40-1 



30- 



20- 



Obese patients 



Medium leptin 
levels {n = 65) 
High leptin 
levels (n = 15) 



T — I — I — I — I — r 



23456789 
Time (years) 



Low leptin levels 99 99 80 63 44 30 10 
Medium leptin levels 66 66 59 53 39 23 5 
High leptin levels 15 15 12 11 9 6 1 



0- 



Low leptin 
levels (n = 1 7) 



High leptin levels 
(n = 1 00) 



Medium leptin 
levels (n = 51) 



T — I — I — I — I — I — I — I — r 

012345678 
Time (years) 

17 17 14 12 9 6 2 1 
51 51 40 28 19 14 6 1 
100100 83 66 53 27 10 2 1 



Figure 3 | Cumulative incidence of the progression of albuminuria in three groups classified into sex-specific tertiles of serum leptin levels in the 
lean and obese group. There was no difference among the three groups in both the lean and obese group (log-rank test; P = 0.077 and 0.764, 
respectively). 



patients, the unfavorable effects of leptin could exceed the bene- 
ficial effects on kidney fiinction decline. One of the mecha- 
nisms underlying the aforementioned effect is speculated to be 
leptin resistance. Leptin resistance increases with obesity, result- 
ing in high circulating leptin levels, but decreased leptin signal- 
ing^ \ Indeed, leptin administration in obese patients did not 
improve metabolic profiles^". Reduction in the beneficial effects 
of leptin on kidneys as a result of leptin resistance might have 
affected the steep decline in eGFR in patients with high leptin 
levels in the present study. In addition, according to the con- 
cept of selective leptin resistance, basic research using a murine 
model of obesity showed that renal sympathetic activation of 
leptin is preserved despite impairment in the metabolic action 
and nitric oxide production of leptin^^'^''. A previous report 
showed that higher serum leptin levels in obese patients receiv- 
ing hemodialysis were associated with increased CV events^ ^ 
which might support our findings. 

In the present study, an interaction between leptin levels and 
obesity on the progression of albuminuria was not observed, 
xmlike that in the case of kidney function decline. Although the 
reasons for the aforementioned results remain unclear, several 
explanations are speculated. First, this could show the differ- 
ences of the mechanisms and the risk factors for two renal out- 
comes; that is, the progression of albuminuria and the GFR 
decline. The UK Prospective Diabetes Study reported the differ- 
ences in the risk factors for the two renal outcomes^^. We have 
shown that leptin levels had different effects on kidney function 
decline and the progression of albuminuria in patients with 
type 2 diabetes^^. Second, the number of patients reaching the 
end-point was small, yielding less statistical power to observe 
the interaction between leptin levels and obesity. This issue 
warrants further investigation. 



The present study had several limitations. First, we did not 
evaluate time-dependent changes in serum leptin levels, HbAlc, 
lipid profiles, blood pressure or BMI during the follow-up period; 
therefore, the relationship between leptin levels and DKD pro- 
gression will need to be confirmed by evaluating leptin levels dur- 
ing the follow-up period in future studies. Second, obesity was 
defined by BMI, and we did not evaluate waist circumference, 
hip circumference or direct measurement of fat amount. Third, 
GFR was estimated using only serum creatinine levels. The pres- 
ent findings need to be confirmed using other methods of esti- 
mating obesity and GFR, including cystatin C, in fiature studies. 
Fourth, serum leptin levels might need to be determined using 
blood samples at a certain time, because a recent study showed a 
circadian rhythm of leptin levels in healthy men^''. Fifth, the pres- 
ent study was carried out using a relatively small cohort, and the 
occurrences of events in the second outcome measurement were 
low. Finally, this was carried out in a single urban university hos- 
pital, which might not be representative of the entire Japanese 
patient population with type 2 diabetes. 

In conclusion, the present single-center observational cohort 
study suggests that the effects of leptin levels on kidney function 
decline might depend on the presence of obesity in patients with 
type 2 diabetes. Lower serum leptin levels in lean patients and 
higher serum leptin levels in obese patients were risk factors of 
kidney fiinction decline. These findings should be confirmed in 
studies with a larger sample size and a multicenter design. 

ACKNOWLEDGEMENTS 

No potential conflicts of interest relevant to this article were 
reported. Parts of this study were presented at the 72nd Scien- 
tific Sessions of the American Diabetes Association, Philadel- 
phia, Pennsylvania, 8-12 June 2012. 



218 



J Diabetes Invest Vol. 5 No. 2 March 2014 



2013 the Authors, Journal of Diabetes Investigation published by AASD and Wley Publishing Asia Pty Ltd 



http://onlinelibrary.wiley.com/joumal/jdi 



ORIGINAL ARTICLE 
Leptin and diabetic iddney disease 



REFERENCES 

1. Ninomiya T, Perkovic V, de Galan BE, et al. Albuminuria and 
kidney funaion independently predict cardiovascular and 
renal outcomes in diabetes. J Am Soc Nephrol 2009; 20: 
1813-1821. 

2. Colhoun HM, Lee ET, Bennett PH, et al. Risk factors for renal 
failure. Diabetologia 2001; 44(Suppl. 2): S46-S53. 

3. Zhang Y, Proenca R, Maffei M, et al. Positional cloning of 
the mouse obese gene and its human homologue. Nature 
1994; 372: 425^32. 

4. Lembo G, Vecchione C, Fratta L, et al. Leptin induces direct 
vasodilation through distinct endothelial mechanisms. 
Diabetes 2000; 49: 293-297. 

5. Hanai K, Babazono T, Nyumura I, et al Asymmetric 
dimethylarginine is closely associated with the 
development and progression of nephropathy in patients 
with type 2 diabetes. Nephrol Dial Transplant 2009; 24: 
188^1888. 

6. Nakagawa T, Tanabe K, Croker BP, et al. Endothelial 
dysfunaion as a potential contributor in diabetic 
nephropathy. Nat Rev Nephrol 201 1; 7: 36-44. 

7. Haynes WG, Morgan DA, Walsh SA, et al Receptor- 
mediated regional sympathetic nerve activation by leptin. 
J Clin Invest 1997; 100: 270-278. 

8. Bouloumie A, Marumo T, Lafontan M, et al. Leptin induces 
oxidative stress in human endothelial cells. FASEBJ 1999; 13: 
1231-1238. 

9. Schlaich MP, Socratous F, Hennebry S, et al. Sympathetic 
activation in chronic renal failure. J Am Soc Nephrol 2009; 20 
933-939. 

10. Stanton RC. Oxidative stress and diabetic kidney disease. 
Curr Diab Rep 201 1; 1 1: 330-336. 

11. Wolf G, Hamann A, Han DC, et al. Leptin stimulates 
proliferation and TGF-beta expression in renal glomerular 
endothelial cells: potential role in glomerulosclerosis. Kidney 
Int 1999; 56: 860-872. 

12. Matsuda M, Kawasaki F, Yamada K, et al. Impact of 
adiposity and plasma adipocytokines on diabetic 
angiopathies in Japanese type 2 diabetic subjects. Diabet 
Med 2004; 21: 881-888. 

13. Hanai K, Babazono T, Yoshida N, et al. Leptin mediates the 
relationship between abdominal obesity and 
microalbuminuria in type 2 diabetic patients. Diabetol Int 
2010; 1: 42-48. 

14. Wilson C, Nelson R, Nicolson M, et al. Plasma leptin 
concentrations: no difference between diabetic Pima 
Indians with and without nephropathy. Diabetologia 1998; 
41: 861-862. 

15. Hanai K, Babazono T, Mugishima M, et al. Association of 
serum leptin levels with progression of diabetic kidney 
disease in patients with type 2 diabetes. Diabetes Care 201 1; 
34: 2557-2559. 



16. Friedman JM. Leptin at 14 y of age: an ongoing story. Am J 
Clin Nutr 2009; 89: 973S-979S. 

1 7. Oral EA, Simha V, Ruiz E, et al. Leptin-replacement therapy 
for lipodystrophy. N Engl J Med 2002; 346: 570-578. 

18. Lee JH, Chan JL, Sourlas E, et al. Recombinant methionyl 
human leptin therapy in replacement doses improves 
insulin resistance and metabolic profile in patients with 
lipoatrophy and metabolic syndrome induced by the 
highly active a nti retroviral therapy. J Clin Endocrinol Metab 
2006; 91: 2605-2611. 

19. Ebihara K, Kusakabe T, Hirata M, ef al. Efficacy and safety of 
leptin-replacement therapy and possible mechanisms of 
leptin actions in patients with generalized lipodystrophy. 

J Clin Endocrinol Metab 2007; 92: 532-541. 

20. Mittendorfer B, Horowitz JF, DePaoli AM, et al. Recombinant 
human leptin treatment does not improve insulin action in 
obese subjects with type 2 diabetes. Diabetes 201 1; 60: 
147^1477. 

21 . Zoccali C, Postorino M, Marino C, et al. Waist circumference 
modifies the relationship between the adipose tissue 
cytokines leptin and adiponectin and all-cause and 
cardiovascular mortality in haemodialysis patients. J Intern 
Med 2011; 269: 172-181. 

22. Ku lA, Farzaneh-Far R, Vittinghoff E, et al. Association of low 
leptin with cardiovascular events and mortality in patients 
with stable coronary artery disease: the Heart and Soul 
Study. Atherosclerosis 201 1; 217: 503-508. 

23. Kuzuya T, Nakagawa S, Satoh J, ef al. Report of the 
committee on the classification and diagnostic criteria 

of diabetes mellitus. Diabetes Res Clin Pract 2002; 55: 65-85. 

24. Kashiwagi A, Kasuga M, Araki E, et al. International clinical 
harmonization of glycated hemoglobin in Japan: from 
Japan Diabetes Society to National Glycohemoglobin 
Standardization Program values. J Diabetes Invest 2012; 3: 
39-40. 

25. Matsuo S, Imai E, Horio M, et al. Revised equations for 
estimated GFR from serum creatinine in Japan. Am J Kidney 
Dis 2009; 53: 982-992. 

26. WHO Western Pacific Region, lASO and lOTF. The Asia- 
Pacific Perspective: Redefining Obesity and Its Treatment. 
Health Communications Australia Pty. Ltd., Sydney, Australia, 
2000. 

27. Levey AS, Gassman JJ, Hall PM, et al. Assessing the 
progression of renal disease in clinical studies: effects of 
duration of follow-up and regression to the mean. 
Modification of Diet in Renal Disease (MDRD) Study Group. 
J Am Soc Nephrol 1991; 1: 1087-1094. 

28. Sone H, Ito H, Ohashi Y, et al. Obesity and type 2 diabetes 
in Japanese patients. Lancet 2003; 361: 85. 

29. Chan JC, Malik V, Jia W, et al Diabetes in Asia: 
epidemiology, risk factors, and pathophysiology. JAMA 2009; 
301: 2129-2140. 



2013 Authors. Journal of Diabetes Investigation published by AASD and Wiley Pubiishing Asia Pty Ltd 



J Diabetes Invest Vol. 5 No. 2 March 2014 



219 



ORIGINAL ARTICLE 
Hanai et al. 



hnp://onllnelibrary.wiley.com/journal/jdl 



30. Naito M, Fujikura J, Ebihara K, et al. Therapeutic impact of 
leptin on diabetes, diabetic complications, and longevity in 
insulin-deficient diabetic mice. Diabetes 2011; 60: 
2265-2273. 

31. Morris DL, Rui L. Recent advances in understanding leptin 
signalling and leptin resistance. Am J Physiol Endocrinol 
Metab 2009; 297: E1247-E1259. 

32. Rahmouni K. Leptin-induced sympathetic nerve activation: 
signaling mechanisms and cardiovascular consequences in 
obesity. Curr Hypertens Rev 2010; 6: 104-209. 

33. Considine RV, Sinha M, Heiman ML, et al. Serum 
immunoreactive leptin concentrations in normal 



weight and obese humans. N Engl J Med 1996; 334: 
292-295. 

34. Bettowski J. Role of leptin in blood pressure regulation and 
arterial hypertension. J Hypertens 2006; 24: 789-801 . 

35. Retnakaran R, Cull CA, Thorne Kl, et al. Risk factors for renal 
dysfunction in type 2 diabetes. Diabetes 2006; 55: 
1832-1839. 

36. Scheer FA, Chan JL, Fargnoli J, et al. Day/night variations of 
high-molecular-weight adiponectin and lipocalin-2 in 
healthy men studied under fed and fasted conditions. 
Diabetologia 2010; 53: 2401-2405. 



SUPPORTING INFORMATION 

Additional Supporting Information may be found in the online version of this article: 

Table SI | Baseline demographic and laboratory data in sis groups classified into lean and obesity and sex-specific tertile of serum 
leptin levels at baseline (estimated glomerular filtration cohort). 
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